Rat cells transformed by B 77 virus did not produce virus as assayed by infectivity and interference tests. Each of the transformed rat cells contained the complete virus genome, since virus capable of converting chicken and rat cells could be rescued from them. Experiments are presented supporting the hypothesis that B77 virus changes genetically during residence in the rat cells. Infection of rat cells by B77 virus was followed by morphological conversion of some cells. Other cells contained the virus genome but were not transformed: this is termed 'abortive infection'.
INTRODUCTION
Some members of the avian sarcoma virus (ASV group) induce tumours in mammals and morphological transformation in mammalian cells in tissue culture (Vogt, I965; Altaner & Temin, ~97o) . Transformation of chicken cells by avian sarcoma viruses is accompanied by production of virus and by persistence of the virus genome. Different studies on the production of virus by avian sarcoma virus transformed mammalian cells gave inconclusive results. In most cases, newly synthesized virus was not detected in cell-free extracts of avian sarcoma virus transformed mammalian cells, and virus particles were not shown by electron microscopy of cell sections (Gelderblom, Bauer & Frank, x97o) . Nevertheless, some ASVmammalian tumours are known to produce the virus (Semkovic et al. ~969; Gelderblom et al. ~97o) . The persistence of the virus genome in the avian sarcoma virus transformed mammalian cells was demonstrated by reisolation of virus after fusion of these cells with chicken cells (Svoboda, Machala & Hlo~anek, ~ 967; Shevliaghyn et al. ~ 969; Vigier, 1969; Yamaguchi, Takeuchi & Yamamoto, I969; Altaner & Temin, I97O) . Altaner & Temin (I97O) reported that the B 77 virus rescued from B 77-infected rat cells in tissue culture had an increased plating efficiency on rat cells and an altered envelope antigenicity. In the present paper [ confirm that rat cells converted by B77 virus do not produce virus, although each transformed cell contains the complete virus genome. I also suggest that the B77 virus is changed genetically during persistence in the rat cells, and demonstrate that rat cells are infected by B 77 virus without morphological transformation.
METHODS
General procedures were as previously described (Temin, ~967, ~968; Altaner & Temin, I97O ) .
Media. The modified Eagle's minimal essential medium (E medium) was obtained as a powder from Schwarz BioResearch Inc., Orangeburg, New York. When 20 ~ tryptose phosphate broth (Difco Laboratories, Detroit, Michigan) was added, ET medium was obtained. A single pool of calf serum was used (Grand Island Biological Co, Grand Island, New York) .
Cell cultures. Primary cultures were prepared from i2-day-old chicken embryos (White Leghorn chickens, Sunnyside Hatchery, Oregon, Wisconsin) and ~4-to ~6-day-old rat embryos (Sprague-Dawley rats, Holtzman Company, Madison, Wisconsin). After incubation for about 7 days the cells were either frozen in dimethyl sulphoxide (Dougherty, I962 ) or transferred. Secondary or later cultures containing 5 to 6 x io ~ cells were prepared in 6o ram. plastic Petri dishes (Falcon Plastic, Los Angeles, California).
Viruses. B77 (Bratislava 77) virus was obtained from Dr J. Smida (Smida, Thurzo & Smidova, I964) (Cancer Research Institute, Bratislava, Czechoslovakia) . Stocks of virus were prepared from the supernatant medium of confluent cultures of infected chicken cells. Concentrated virus was obtained by centrifugation by the procedure of Altaner & Temin (~97o) .
Sendai virus. Sendai virus, obtained from Dr D. Walker, University of Wisconsin, was grown in the allantoic cavity of Io-day-old chicken eggs. It was concentrated by centrifugation at 25,ooo rev./min, for 60 min. in the Spinco 3o rotor and was assayed for haemagglutination of chicken red blood cells. The virus was then inactivated by exposure either to ultraviolet light for ~5 min. or to fl-propiolactone (Neff & Enders, ~968).
Cell fusion. The procedure for cell fusion was that described by Davidson (~969) and modified by Coffin (I97O, unpublished) . Cells of secondary chicken cultures were allowed to attach to a Petri dish for 24 hr at 37 ° and then rinsed twice with 5 ml. of cold serum-free E medium to remove the serum. The cultures were then overlaid with a suspension ofo.2 ml. inactivated Sendai virus (~oo to 5oo haemagglutinating units) in cold E medium and incubated at o ° for Io min. After rinsing the cells twice with 5 ml. of cold E medium, they were overlaid with o-2 ml. of E medium containing up to 5 × ~o5 of X-(5,ooo r.) irradiated B 77 virusinfected rat cells, and incubated at 37 ° for 4o min. The cultures were rocked at least twice during this period. Finally, the cultures were overlaid with ET medium containing 5 ~ calf serum, either with or without agar.
RESULTS

Failure to show virus production by B 77 virus-converted rat cells which inherited the virus
To ascertain that our population of B 77 virus converted rat cells did not produce virus, medium was harvested and centrifuged to concentrate any possible virus Ioo-fold and then tested for infective eentres on secondary cultures of rat, mouse and chicken cells with or without the aid of inactivated Sendai virus. This was repeated three times; no focus was found on the assay cells.
Such preparation of 'virus' from B 77 virus-converted rat cells was also tested by early interference test (Vogt & Ishizaki, ~966) for virus that would interfere with B 77 virus. It was found that the concentrated 'virus' did not interfere with infection by B 77 virus.
To show that each of the B77 virus-transformed rat cells contained the complete virus genome, transformed rat cells were cloned ( 
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Genetic differences between viruses rescued from different clones of rat (1377) cells Altaner & Temin (197o) presented evidence that B 77 virus recovered after passage through rat cells was changed genetically. These authors suggested two processes: (a) changes resulting from mutation during virus multiplication in chicken cells and selection during infection of rat cells, or (b) changes induced during virus replication in rat cells. The demonstration of different phenotypes for two distinct virus clones originating from one parental cell would be inconsistent with (a).
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Fig. I. B77 virus-transformed rat cells, transferred more than 2o times, were suspended with the aid of trypsin, and diluted to I o to 50 cel]s/ml, in ET medium containing 15 % foetal bovine serum. The cells were plated in o'oz ml. of media in the wells of micro-test plates (No. 3034 Falcon Plastic, Los Angeles, California). After a day, the plates were examined with a microscope, and each well that contained one cell was marked. Seven to ten days later, the cells from the marked wells were transferred to 60 ram. plastic Petri dishes in ET medium containing I5 % foetal bovine serum. The arrows refer to cloning procedure and each square represents a culture of rat cells originating from a single cell.
B77 virus-transformed rat cells OoS/plate) from each of the five clones originating from the same parental cell (Fig. ~) were fused by the aid of inactivated Sendai virus with paralleled chicken secondary cultures originating from one chicken embryo. Five lines of virus were rescued. These virus lines were titrated simultaneously on paralleled cultures of chicken and rat, and the ratio of the infectivity of the tested virus on rat cells to the infectivity on chicken cells was calculated (Table ~) . This ratio is defined as plating efficiency (IR/IC).
In six experiments with two or more plates/condition, the IR/IC of 5Fz-9B on rat cells was from 2 to 11 times greater than the IR/IC of 5 F2-I B. Using 'Wilcoxon's Signed Mark Test' (Steel & Torie, ~96o ) the difference between the plating efficiencies of 5Fz-~B and 5F2-9B is significant at the 95 ~ level of confidence.
Abortive infection
The extremely low IR/IC of B 77 and of RBA viruses on rat ceils requires clarification. Rat secondaries were infected by different clones of B77 virus and examined I2 days later.
Although high doses of virus were used, some clones produced no or few foci. In some cases 'atypical' (Fig. 2a) and typical foci (Fig. 2b) were clearly distinguished. When such ' atypical' foci were picked and transferred, a normal population grew up. To determine the nature of'atypical' foci, atypical and typical foci were located I2 days after infection and circled on the bottom of the secondary rat culture plates. The plates were irradiated, rinsed, treated with Sendal virus and overlaid with 5 x lO 5 to I x IO s chicken cells in o.z ml. media. After 4o rain. at 37 ° for adsorption, the plates were overlaid with ET medium containing 6 ~ calf serum and o'5 ~ agar. Three to 7 days after the fusion, B77 virus-transformed chicken foci were often found on the plates at the previously circled sites and elsewhere (Fig. 2 c) . The number of foci on chicken cells decreased with the dilution of the B 77 virus used to infect the rat cells (Table 2 ). 79,000 I7"7 * Cells were cloned as described in Fig. I , and viruses were rescued by fusion with chick embryo cells. The viruses were diluted serially I : IO and tested on chicken and rat secondary cells. 
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To be sure that the infected rat cell cultures did not contain adsorbed B 77 virus, the time of disappearance of virus was studied. The adsorbed virus disappeared (Fig. 3) within 3 days of infection, and it appeared that these foci were abortive, in that they contained Rous sarcoma virus genomes, but were not stable on transfer. To study the time of appearance of abortive loci, secondary cultures of rat cells were inoculated with B 77 virus and duplicate plates were irradiated at intervals and fused with chicken cells (7 × IoS/plate), as described above. Foci appeared within 2 days of infection (Table 3) , probably due to adsorbed viruses. On plates tested 4 and 6 days after infection, foci were not revealed before and after the fusion. Foci were not seen on rat plates tested Cultures of rat secondary ceils were infected with B77 virus. On different days after infection, the plates were rinsed, scraped with a rubber policeman into I ml. of media and frozen. At the end of the experiment, the cells were frozen and thawed three times before dilution for assay on chicken cells. The samples for day o were taken 4 hr after infection. Each point shows the average for two infected rat cell cultures assayed in duplicate. Interactions of avian sarcoma virus and rat embryo cells 205 8 days after infection, but some foci appeared on the co-cultivated chicken cells 6 days after fusion. Eleven or I2 days after infection, foci appeared on the rat plates before fusion. In addition, some foci appeared even later after fusion with the co-cultivated chicken cells.
Only some foci coincided with the circled rat loci.
To test the efficiency of fusion of rat cultures with the overlaid chicken cells, B 77 transformed rat cells were plated on 7-day-old rat secondaries. The fusion procedure was repeated with these plates a day later, and foci were counted 6 days later. Parallel plates were not irradiated and the clones counted for each experiment gave an estimate of the number of live transformed rat cells used. It was found (Table 4) that the cloning efficiency was 7I and the efficiency of this fusion technique o" 17 ~o. If the efficiencies of fusions are the same in the two systems, it follows that about one of 4o0 rat cells exposed to IO focus-forming units per cell (as determined on chicken cells) contained the virus genome.
DISCUSSION
It has been confirmed by infection and interference experiments that B77 virus-infected rat cells do not produce virus particles, although the virus genome is present in the B77 virus-transformed rat cells. This conclusion was supported in our laboratory by Coffin (I97o, unpublished) , who failed to show production of virus by B77 virus-transformed rat cells in density-gradient analyses for newly synthesized labelled RNA in the virus particles. Electron microscopy of sections of these cells did not reveal virus particles (unpublished) .
That changes in the virus genome are induced during maintenance and replication of virus in heterologous cells is suggested by the difference in the plating efficiencies of separate clones of virus from one parental cell. Also, the plating efficiency of virus rescued from the five clones (Table e) was much higher than that of the B 77 virus, and even higher than that of the B77 virus rescued from B77 virus-transformed rat cells (Altaner & Temin, 197o) . It seems that if the virus persisted longer in rat cells then the plating efficiency was increased on these cells. A recombination between the provirus and the cell genome is a possible mechanism (Altaner & Temin, ~97o) by which the virus genome may change during replication in rat cells. My results support this hypothesis.
Using a technique of fusion, in which the B77 virus-infected rat cultures were irradiated, overlaid and fused with chicken cells, infected rat cells were found to contain the B77 genome without producing foci. This phenomenon, in which rat cells can be infected by B77 virus without showing stable morphological transformation, was termed 'abortive infection '.
It was shown by fusion that virus appeared 8 days after infection which was not the result of adsorption since infection. It was also shown that parallel cultures to those which gave foci only in the fused co-cultivated chicken cells, did not contain any loci after cell transfer, suggesting that the rat cultures did not contain B77 virus-transformed cells.
It is not known if the abortive infected virus can be transferred to both daughter cells. Abortive infected cells probably propagated and produced abortive foci by dividing infected cells in the same way as for typical foci. This is supported by the observation that the abortive infection cannot be revealed by fusion before the eighth day after infection and at about the same time that is needed to visualize typical foci of B 77 in infected rat cells. Also, co-cultivated chicken cells sometimes showed very large foci as early as 3 days after fusion.
It is now of interest to study the recovery of group-specific antigens from abortively infected cells and to consider abortive infection either as a result of control by host cells of the transformation process or as a result of mutation in the virus genome. 
